To develop a simple method for identifying community-dwelling vulnerable older people, defined as persons age 65 and older at increased risk of death or functional decline. To assess whether self-reported diagnoses and conditions add predictive ability to a functionbased survey. DESIGN: Analysis of longitudinal survey data. SETTING: A nationally representative community-based survey. PARTICIPANTS: Six thousand two hundred five Medicare beneficiaries age 65 and older. MEASUREMENTS: Bivariate and multivariate analyses of the Medicare Current Beneficiary Survey; development and comparison of scoring systems that use age, function, and self-reported diagnoses to predict future death and functional decline. RESULTS: A multivariate model using function, self-rated health, and age to predict death or functional decline was only slightly improved when self-reported diagnoses and conditions were included as predictors and was significantly better than a model using age plus self-reported diagnoses alone. These analyses provide the basis for a 13-item function-based scoring system that considers age, self-rated health, limitation in physical function, and functional disabilities. A score of Ն 3 targeted 32% of this nationally representative sample as vulnerable. This targeted group had 4.2 times the risk of death or functional decline over a 2-year period compared with those with scores Ͻ 3. The receiver operating characteristics curve had an area of .78. An alternative scoring system that included self-reported diagnoses did not substantially improve predictive ability when compared with a function-based scoring system. CONCLUSIONS: A function-based targeting system effectively and efficiently identifies older people at risk of functional decline and death. Self-reported diagnoses and conditions, when added to the system, do not enhance predictive ability. The function-based targeting system relies on self-report and is easily transported across care settings.
O lder persons at increased risk of health deterioration are an important target for medical intervention. 1, 2 Accurately identifying this vulnerable group is a critical step in focusing interventions 3, 4 and implementing quality improvement efforts. If the method of identification can be applied across systems of care, healthcare providers and policy makers can compare and monitor plan enrollment and performance more effectively. 5, 6 The goal of our study was to develop a simple tool for screening communitydwelling populations to identify older persons at risk for health deterioration.
We define vulnerable older people as persons age 65 and older who are at increased risk of functional decline or death over 2 years. This definition anchors vulnerability to two health outcomes (death or functional decline), rather than to disease or future resource use (e.g., future hospitalization or medical expenditures). The definition captures persons typically labeled "frail" (older people at highest risk of decline or death) and older people at moderately high risk.
Providers and policy makers do not have a straightforward tool that can be used to identify this important group. Although many risk factors for decline and death have been identified, the complex interaction of aging, decreased functional reserve, and ongoing pathology poses a unique challenge in selecting a subset of these risk factors to include in a simple identification system. In various analyses, age, 7-15 function, [9] [10] [11] [12] 16 health behaviors, 9, 12, 17 income, 9, 13, 14 and/or diseases and conditions [9] [10] [11] [12] [13] [14] [15] [17] [18] [19] have all emerged as predictors of decline and death.
As part of the Assessing Care of Vulnerable Elders project-an initiative to develop tools for measuring quality of care for older people at increased risk of health decline 20 -an expert clinical panel considered alternative approaches to identifying vulnerable older people and reviewed candidate predictors to be included. The panel recommended that (1) a survey be developed to make the identification scheme easily transportable across organizations; (2) the survey not be dependent on prior utilization as a predictor; (3) the ability to perform instrumental activities of daily living (IADLs) be considered as a predictor; and (4) the survey use an abbreviated list of items with simple scoring rules to minimize respondent burden and enhance provider willingness to adopt the identification strategy. We followed the panel's recommendations.
In developing a survey system, we focused on the 20% to 40% of community-dwelling older people who are most at risk of death or decline in IADLs or activities of daily living (ADLs) over 2 years. Based on our literature review, we hypothesized that a survey system that relied on baseline function and age could identify these vulnerable older people as effectively as could a system that relied on conditions and medical diagnosis. To test this hypothesis and to develop a survey tool, we analyzed information from a large national probability interview, focusing on risk factors that could be elicited through a brief survey and translated into a simple score for identifying vulnerable older people.
METHODS
We translated our definition of vulnerable older people into specific candidate predictors and outcomes; developed and tested prediction models for functional decline, death, and functional decline or death; identified concise models that maximized prediction strength; translated selected prediction models into scoring systems; and measured and compared the predictive ability of the scoring systems.
Study Sample
We used the 1993 and 1995 Medicare Current Beneficiary Survey (MCBS) public-use files for analyses. The MCBS annually surveys a representative sample of Medicare enrollees; a random sample of respondents is selected for follow-up in a longitudinal component. We restricted our analysis to the community-dwelling respondents who were age 65 or older in 1993 and who were surveyed in the 1995 follow-up survey or had died. Because we wanted to identify all at-risk community-dwelling older people, we included the 10% of the 1993 respondents who were proxy respondents. To include mortality as an outcome, we obtained a separate list of all 1993 respondents who had died by the end of 1995.
Outcomes
We examined IADL 21 /ADL 22 decline and death as the outcomes of interest. We focused on the following IADL and ADL items in the MCBS: shopping, performing light housework, managing finances, preparing meals, using the telephone, bathing, dressing, transferring, toileting, walking across the room, and eating. We defined IADL/ADL disability as self-reported receipt of human assistance or nonperformance for a health-related reason. We defined functional decline as a change from no IADL or ADL disability to any IADL or ADL disability, an increase of two or more in the total count of IADL or ADL disabilities, or new admission to a nursing home.
Because the available MCBS longitudinal weights did not account for the possibility of death, we developed weights that allow consideration of death or functional decline as an outcome. Specifically, the MCBS longitudinal weights were designed to reproduce the 1993 population from 1995 respondents. They were not appropriate for joint consideration of death and decline outcomes. For our purpose, it was necessary to develop new longitudinal weights. The probability of inclusion in the 1995 sample for those who died was assumed to be 1, because information about death was available for all members of the 1993 sample. The non-random loss to follow-up of surviving members of the 1993 sample was modeled in a multiple logistic regression with variables in the 1993 MCBS file used as predictors.
(By design, the 1995 MCBS identified a random set of 1993 respondents who would not be included in follow-up.) After accounting for the 30% random retirement of these nonlost survivors, we computed longitudinal weights as the inverse of the estimated probabilities of inclusion in the 1995 sample for all 1995 respondents and 1993-1995 deaths.
Predictors
We identified predictor variables in the 1993 MCBS data set. We examined two types of functional status items: limitations in physical function (self/proxy-reported difficulty with stooping/bending, lifting 10 pounds, reaching, writing, walking, heavy housework) 8, 12, [23] [24] [25] and IADL/ADL disability. 7, [9] [10] [11] 16, [26] [27] [28] We selected five IADL/ADL items (receive help with shopping, light housework, finances, walking across room, and bathing) as predictors, using item response theory to demonstrate consistent item performance across population subgroups (men age Ն 65, women age Ն 65, and persons age Ն 85) and best subsets analysis to identify a most efficient set. A positive response to any of these five items identified 93% of persons receiving help with any of 11 IADL/ADL items. 29 The other examined predictors were age, [7] [8] [9] [10] [11] [12] [13] [14] [15] 30 self-rated health (SRH), [9] [10] [11] [12] [13] 19, 30 and self/proxy-reported history of selected medical conditions or behaviors-dementia; 26 14, 15, 18, 34 For all of these predictors, the MCBS employed brief survey items to elicit self-report.
Analyses
We performed bivariate and multivariate analyses as intermediate steps in developing a scoring system. We assessed whether functional decline or death could be combined as a single outcome in a logistic regression model or would need to be maintained as separate outcomes in a trinomial model. Because contrary effects on death and decline would suggest the need for a trinomial model, we assessed whether each variable was either protective for both outcomes or a risk factor for both outcomes (i.e., the predictor's effect on the two outcomes was in the same direction). We examined bivariate relationships and developed logistic regression models for three outcomes: death, functional decline, and functional decline or death.
We developed four types of models.
(1) Function models considered age, function, and SRH. (2) Function ϩ conditions models added medical conditions and health behaviors that, in the literature and our exploratory models, most consistently predicted decline or death. (3) Function ϩ expanded conditions models considered additional conditions that less strongly predicted decline or death in the literature and in our exploratory analyses. We analyzed the latter two types of models to determine whether adding self-reported diagnoses/conditions improved the prediction strength of a function-based model enough to justify developing a longer questionnaire. (4) The fourth type of model excluded function and included only age, SRH, and selfreported diagnoses/conditions. We empirically tested and compared the prediction strength of models that measure function or conditions through simple counts with models that assigned differential weights within a category. Within each type of model, we also empirically determined ordinal categories for continuous and count variables that captured large increases in risk in bivariate associations between the ordinal variable and the outcomes.
After selecting the variables and their functional forms, we developed three types of scoring systems to target community-dwelling vulnerable older people. Integer point values were assigned to each level of the variables in such a way as to maximize the receiver operating characteristics (ROC) value for the model. This maximization took place in a multivariate context, using fully interacted multiple logistic regression models. The resulting scoring systems assigned points to each respondent based on the presence of identified predictors. To compare the scoring systems' performance, we examined the odds of functional decline or death for groups identified by the various scores and determined the sensitivity and specificity of the scoring systems at each potential cutpoint. These cutpoints were used to generate a ROC curve for each scoring system and the area under the curve (AUC) was determined. An AUC of 0.5 represents a predictive ability no better than chance, whereas 1.0 indicates perfect predictive ability.
RESULTS

Study Sample and Outcomes
In the 1993 MCBS, 9,865 community-dwelling respondents were age 65 and older. Of these, 1,110 had died and 1,025 were lost to follow-up by the end of 1995. (Those lost to follow-up were disproportionately older, less likely to be married, and less likely to be African American.) As part of the MCBS follow-up design, 2,635 older people were randomly retired from survey follow-up. These excluded respondents were selected from the 7,730 survivors not lost to follow-up. The 5,095 respondents who were followed up and the 1,110 who died constituted our matched sample of 6,205 older people. After applying longitudinal weights, we found that 24% of the matched respondents experienced either decline in IADL/ADL (n ϭ 876, 14%) or death (n ϭ 615, 10%) over the 2-year period.
Bivariate and Multivariate Analyses
Of the 12 self-reported diagnoses/conditions examined in bivariate and multivariate analyses, seven predicted increased risk of the combined outcome of functional decline or death. These seven were stroke, dementia, diabetes mellitus, psychiatric diagnosis, cancer, limited vision, and current tobacco use. Of these seven, four (stroke, dementia, diabetes mellitus, psychiatric diagnosis) exhibited statistically significant multivariate associations in the same direction for both the death outcome and the decline outcome. Two predictors, tobacco use and cancer, revealed trends in the same direction, and only one, vision, had contrary effects for death and decline. We therefore concluded that the combined outcome of death and decline could be employed in a logistic regression. Five variables, MI or angina, other heart conditions, arthritis, hip fracture, and limited hearing, consistently failed to show statistically significant increased risk of decline or death.
In the four types of models, other analytic findings contributed to the development of our scoring systems. (1) Age, SRH, and function (functional limitations, IADL/ADL disability) had strong and consistent effects on death and decline in bivariate analysis and in all models tested. (2) A multivariate model that used function, SRH, and age to predict death or functional decline was only slightly improved when self-reported diagnoses were included as predictors (Somer's D ϭ .572 vs .592). (3) A model that included only age and self-reported diagnoses/conditions was significantly less predictive than the function ϩ age model (Somer's D ϭ .457 vs .572). We therefore did not develop a scoring system for the age ϩ self-reported diagnoses/conditions model. (4) A simple count of self-reported diagnoses/ conditions was as predictive as a more complex scheme wherein conditions were differentially weighted based on the literature and bivariate chi-square values.
Scoring Systems
We selected the function-based model, the function ϩ diagnosis-based model, and the function ϩ expanded diagnosis-based model that maximized simplicity and prediction strength.
We translated the three selected models into scoring systems. Because we wanted a simple scoring system that could be calculated during brief interviews and because condition counts were as predictive as differential weights, we assigned whole number values to each included variable. The function-based scoring system considers age, SRH, six physical function limitations, and five IADL/ADL items. The resulting survey and approach to scoring are shown in Appendix 1 (Vulnerable Elders Survey (VES-13)). The function ϩ diagnosis-based scoring system adds to the function-based score one point for each of four self-reported diagnoses: stroke history, diabetes mellitus, psychiatric history, and dementia diagnosis. The function ϩ expanded diagnosis-based scoring system adds one point to the latter model for each of three items: limited vision, tobacco use, and cancer history. Table 1 indicates the percentage of the total population assigned each score and the percentage of persons with each score who declined or died for the function-based scoring system and the function ϩ expanded diagnosis-based scoring system . Tables 2 and 3 show, the performance at various scores or "cutpoints " of the function-based scoring system and the function ϩ expanded diagnosis-based scoring system , respectively, for predicting functional decline or death. For our desired target group, the 20% to 40% of older people at increased risk, the two scoring systems are approximately equivalent. The function ϩ diagnosis-based scoring system also demonstrated equivalent performance and therefore is not shown. Using the function-based scoring system , a risk score of 3 or higher identifies 32% of the sample as vulnerable. This targeted group has 4.2 times the risk of death or functional decline over a 2-year period. Figure 1 shows the ROC curves and the AUC for the function-based scoring system and the function ϩ expanded diagnosis-based scoring system . The AUC for the functionbased scoring system is 0.78, whereas that for the function ϩ expanded diagnosis-based scoring system is 0.79. Focusing on the section of the curve that targets the 25% to 33% at highest risk, the curves essentially overlap. The ROC curve for the function ϩ diagnosis-based model, not shown, had an AUC of 0.79 and overlapped the ROC curve for the function ϩ expanded diagnosis-based scoring system.
DISCUSSION
A simple function-based screen effectively and efficiently identifies older people at risk of functional decline or death over a 2-year period. The one-third of the Medicare population identified as vulnerable with this screen has 4.2 times the risk of functional decline or death over 2 years, compared with the remaining two-thirds of the population. This targeting system relies on patient self-report, is easily transportable across settings, and will remain relevant as care systems evolve. It applies across care systems regardless of the quality of administrative data, does not require direct observations or laboratory data, and avoids reliance on utilization patterns or on the quality of condition detection within each system. This simple scoring system forms the basis of the 13-item VES-13 shown in Appendix 1. In pilot tests with seniors, nonclinicians were able to administer and score the VES-13 in an average of less than 5 minutes on the telephone.
This function-based screen is consistent with widely accepted health models that emphasize the functioning of individuals within their environment. 23, 40, 41 IADL or ADL disability is one of many recognized predictors of mortality, hospitalization, and institutionalization. 7, [9] [10] [11] 16, [26] [27] [28] In addition, physical function limitations have been shown to predict decline and death. 8, 12, [23] [24] [25] Function clarifies and integrates severity and impact of medical conditions and psychosocial factors. 22, 42 For example, difficulty stooping associated with arthritis provides more information than a simple diagnosis of arthritis. Our analysis revealed that self-reported diagnosis adds little predictive ability to the function score for identifying the subset of seniors at increased risk of functional decline or death over 2 years. This underscores the importance and potential efficiency of considering function in risk-identification systems that might otherwise rely solely on self-reported diagnoses. 26, 43, 44 The VES-13 also includes age and SRH. Age describes unmeasured risk and is an important independent predictor of functional recovery, 45 decline, and death, even when considering multiple other risk factors. [7] [8] [9] [10] [11] [12] [13] [14] [15] Individuals' global rating of their own health as "fair" or "poor" is also a strong and consistent predictor of functional decline or death, [9] [10] [11] [12] [13] 19, 30 perhaps because it integrates an individual's subjective and objective health experience and function. 46 The VES-13 identifies older people at increased risk of decline or death over 2 years. We did not test whether indi- vidual items or overall score related to future health expenditures or resource use. Disability and impending mortality are associated with increased Medicare expenditures. 47 However, this is a complex relationship that varies by the mix of services/payors (i.e., Medicare, Medicaid, out-of-pocket) considered and may vary inversely by age category. 48 It cannot be assumed that the VES-13 will predict future costs.
Limitations
The self-report format of the MCBS may underestimate the prevalence of underdiagnosed conditions. In addition, self-reported conditions might include persons with minimal disease burden, remote events, or incorrect diagnoses. 9 Specifically, the MCBS did not include formal depression or mental status screens, objective measures of disease, or validated angina and heart failure classification schemes. Under-and overreporting of conditions potentially influenced the final selection of predictors. However, the selfreport format was most compatible with our desire to develop a concise and simple screening system, and the final items selected for the VES-13 are reliably reported by individual respondents. 49, 50 Some might question a system that uses existing function to predict functional decline. However, IADL/ADL disability strongly predicts death. 9, 11, 16, [26] [27] [28] In addition, the survey predicts decline, not merely continued disability. We used a conservative definition of decline (change from none to one or more disabilities, an increase in disability count by two or more, or new residence in a nursing home).
Although the predictive ability of our scoring system compares favorably with other published approaches for identifying at-risk older people, [51] [52] [53] the predictive ability of the scoring system was determined in the derivation sample. It is likely that our decision to proceed without split-sample validation resulted in some degree of overestimation of predictive performance of the scoring system. Because the sample size was relatively large compared with the number of predictors considered, the degree of this overestimation is likely to be quite small. It should be noted that this bias will affect competing models equally and therefore will not affect comparisons between models. The VES-13 has not been tested independent of the MCBS survey. However, the MCBS is a nationally representative sample, and the number of observations minimizes the possibility that the conclusions drawn would be unique to this data set. In addition, as outlined above, the variables included in the scoring system have been consistent predictors of decline and death across studies.
A function-based identification system requires a survey of older people. Although surveys are increasingly used to evaluate older people, 49, 52, 54, 55 they can be time consuming and costly to administer and may be plagued by nonresponse. 49, 56 For some organizations with well-structured administrative data, it may be more efficient to employ an administrative screen to identify at-risk populations. However, administrative data have well-recognized limitations for monitoring risks in populations 57 and the quality and content of administrative data vary across organizations. 5, 44, 56 
CONCLUSIONS
The VES-13 provides a simple, function-based screen that is clinically relevant and can help healthcare organizations, policy makers, and researchers to identify a group of older people with increased vulnerability. The screen facilitates comparison of enrollment across organizations and may identify older persons with the least reserve for tolerating poor medical care. Organizations interested in focusing on 
